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Abstract

The dietaty intakes of phytate, zinc and calcium of volunteers in Ubon Ratchathani
(northeast Thailand) and Bangkok metropolitan were studied. The selected subjects were 10 men
and 10 women from each area. The daily diets were collected for 5 consecutive days using
duplicate portion technique. The diets were blended, aliquoted, mixed, freeze-dried and homo-
genized. Phytate was analysed by using ion exchange coupled with colorimetric method. Zinc and
calcium were analysed by atomic absorption spectrophotometer. The total intakes of phytate
were 1104.8 + 965.2 and 1139.3 + 481.1 mg/day for males and females in Ubon Ratchathani,
1304.7 + 956.2 and 997.1 + 435.1 mg/day for males and females in Bangkok. The zinc intakes
were 200 + 8.8, 12.7 £+ 4.6, 7.7 + 1.8 and 6.1 + 1.2 mg/day for males and females in Ubon Rat-
chathani and for males and females in Bongkok, respectively. The calcium intakes were 524.6 +
259.9, 379.9 + 111.4 for males and females in Ubon Ratchathani and 366.5 + 150.5, 286.7 + 68.7
mg/day for males and females in Bangkok. The calculated phytate/zinc molar ratios were 7.5, 3.9
for males and females in Ubon Ratchathani and 16.2 and 17.5 for males and females in Bangkok
This study indicated that subjects from Bangkok have a phytate/zinc ratio higher than those in
Ubon Ratchathani and higher than 12. This may effect the availability of some micronutrients such
as zinc, calcium and iron. The daily intakes of zinc and calcuim in these two groups were low
compared to Thai RDA.
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Zinc is an essential trace element for performance, diarrhea and alopecia(l). Phytate
human beings. Clinical manifestations of dietary  (myo-inositol hexa kis dihydrogen phosphate) is
deficiency are retarded growth, depressed immune  widely distributed in foods of plant origin. Animal
function, anorexia, dermatitis, altered reproductive  studies, in vivo, have shown that dietary phytate
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significantly reduces zinc absorption by the forma-
tion of insoluble complexes (Davies & Nightingale,
1975; Graf & Eaton, 1984)(2.3). Moreover, the pre-
sence of calcium has been found to have an enhan-
cing effect on precipitation of the phytate zinc
complex (Cheryan, 1980)(4).

The prevalence of trace element defi-
ciencies is predicted to be higher in populations sub-
sisting on cereals as the staple food because cereals
are high in minerals and also high in phytate. Use of
the phytate/Zn molar ratio was a good indicator of
the bioavailability of dietary zinc in rats(6-8). In
1983, Cossak and Prasad(9) used phytate x calcium/
Zn millimolar ratios, their calculations suggested
that ratios equal to or greater than 200 might in-
duce marginal zinc deficiency. This millimolar ratio
was also used by Davies et al in 1985(10) and
Brinda et al in 1986(11). Thailand is a developing
country, the population of which consumes mainly
cereals (rice and sticky rice). Phytate contents of
rice, sticky rice and other food items were studied
earlier(12). It was shown that some food items were
high in phytate such as sesame seeds and soy bean.
The contents in rice were shown to be considerably
lower. Therefore, it is interesting to study the dietary
intake of phytate, zinc and calcium and using these
molar ratios as indicaters. We have studied phytate/
Zn molar ratio in school children in a North East
school in Thailand and found that the ratios were 4.5
and 2.8 for normal and PEM respectively(13). In the
present study, an attempt was made to estimate phy-
tate, zinc and calcium intakes of selected volunteer
subjects living in Ubon Ratchathani province (north-
east Thailand-rural area) and Bangkok metropolitan
(urban area), and to calculate phytate/Zn molar ratio
and phytate x calcium/Zn millimolar ratio and to
compare the two areas.

MATERIAL AND METHOD
Collection of samples

The total daily diets were collected from
twenty volunteer subjects who were active working
persons (10 males, 10 females) in a rural area, Ubon
Ratchathani province and in the urban area of Bang-
kok. These subjects were selected based on their
willingness to participate. Food samples were col-
lected by the duplicate portion technique. The sub-
jects were requested to collect exact duplicate por-
tions of all their food and beverages (including
water) for a period of S consecutive days. The
samples were kept in a clean plastic container and
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stored in the refrigerator (4°C) before being tran-
sported to the laboratory under frozen conditions.

Sample preparation

The samples of each day were weighed and
blended using a Robot blender with a plastic bowl
and titanium blade. The collected fluid of the same
day was added to complete the sample homogeni-
zation. The proportional aliquots of homogenates
from 5 days were combined, mixed and freeze-dried
with HETOSICC lyophilizer. Then the freeze-
dried samples were homogenized again. The mois-
ture contents of all samples were determined before
and after freeze-drying process.

Phytate determination

Dry, powdered samples were analyzed for
phytate using the improved Ion Exchanged Method
of Ellis and Morris, 1983(14). Sodium phytate (No-
P5756) from Sigma Chemical Company was used
as standard.

Mineral analysis

The minerals, zinc and calcium were deter-
mined. A 1-2 g of dried sample was weighed in a
porcelain crucible which had previously been ignited
and cooled. The crucible and content was heated on a
hot plate until charred at 100°C. It was placed in a
muffle furnace at the initial temperature of 100°C.
The temperature was increased to 450° at 50°C/h
and was heated overnight. The crucible was removed
from the furnace and cooled to room temperature.
The ash was moistened with 1-3 ml water, and eva-
porated on a hot plate. The crucible was returned to
the furnace at 200°C and the temperature was
raised stepwise to 450°C, and held for 1-2 h. This
was repeated until the sample was completely
combusted. Residue was dissolved in exact volume
(10.0-30.0 ml) of 0.1 M HNOj3 according to the
concentration of metal to be determined(13). Zinc
and calcium was determined by Atomic Absorption
Spectrophotometer (Perkin Elmer, 1100B).

RESULT

The age, weight and height of subjects are
shown in Table 1. The dietary intakes of phytate,
zinc, and calcium according to sex are shown in
Table 2. The zinc intakes of males were signifi-
cantly higher than that of females (P<0.05) in Ubon
Ratchathani. Calcium and zinc intakes were sig-
nificantly (P<0.05) higher in males than in females
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Table 1. Ages, weights and heights of Ubon Ratchathani and Bangkok subjects
Ubon Ratchathani Bangkok
Male Female Male Female
Age, yrs 325149 275423 296452 299459
Weight, kg 54775 499445 57.7+6.7 503144
Height, cm 162.6 +4.9 150.0 £3.9 166.5 + 6.0 1574 +56

Table 2. Daily dietary intake of phytate, zinc and calcium of Ubon Ratchathani and Bangkok

subjects (Mean+SD and min.-max.)

Area Phytate, mg Zinc, mg Calcium, mg
Ubon Ratchathani 1,104.8 + 965.2 200+ 88 524.6 +£259.9
Maie (209.0 - 3,076.0) (11.0-38.2) (242.2-910.1)
n=9 n=10 n=10
Female 1,139.3 + 481.1 12.7 +4.6% 3799+ 1114
(528.0 - 1,946.0) (7.8-234) (228.2 - 562.7)
n=7 n=10 n=10
Total 1119.8+767.9 164+738 452.3 +208.3
(209.0 - 3,076.0) (7.8-38.2) (228.2-910.1)
n=16 n=20 n=20
Bangkok 1,304.7 + 956.2 7.7+ 1.8 366.5 + 150.5
Male (228.0-2,817.0) (53-1L15) (74.8 - 600.9)
n=10 n=10 n=10
Female 997.1 £435.1 6.1+ 1.2%b 286.7 + 68.7b
(327.0 - 1,395.0) (4.7-8.2) (205.1 - 380.1)
n=7 n=10 n=10
Total 1,178.1 + 780.8 69+ 1.7¢ 336.6 + 106.5¢
(228.0-2,817.0) 4.7-115) (205.2 - 600.9)
n=17 n=20 n=20

* significant difference between sex (P<0.05)
a significant difference between province in male (P<0.05)

b significant difference between province in female (P<0.05)

¢ significant difference between province in both sex (P<0.05)

of Bangkok. When comparing Ubon Ratchathani and
Bangkok, it was found that zinc was significantly
(P<0.01) higher in males of Ubon Ratchathani than
in males of Bangkok. Zinc daily intakes were found
to be significantly higher in males than in females
of both areas (P<0.05). When comparing the two
areas, daily intakes of zinc in males and females of
Ubon Ratchathani were significantly higher than
those of Bangkok (P<0.05). While calcium daily in-
take was higher in females of Ubon Ratchathani

than that of females in Bangkok (P<0.05). From all
the subjects, it was found that both zinc¢ and calcium
daily intakes were significantly higher in Ubon
Ratchathani than in Bangkok. The zinc and calcium
daily intakes of Ubon Ratchathani subjects were
16.4 mg and 452.3 mg, respectively. These were
109 per cent and 56.5 per cent of Thai RDA (15 mg
and 800 mg). For the Bangkok area, zinc and cal-
cium daily intakes were 6.9 and 336.6 mg which are
46 and 42 per cent of Thai RDA.
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Phytate/Zn molar ratios and phytate x Ca/
Zn millimolar ratios are presented in Table 3 and
Fig. 1. Phytate/Zn molar ratios were significantly
higher (P<0.05) in males of Bangkok than males of
Ubon Ratchathani. Also the ratios were higher (P
<0.05) in females of Bangkok than of Ubon Ratcha-
thani. The same result was observed in all the sub-
jects. Phytate x Ca/Zn millimolar ratios were signi-
ficantly higher (P<0.05) in males and all the sub-
jects from Bangkok than in those of Ubon Ratcha-
thani. These indexes have been used to indicate the
effect of phytate on bioavailability of zinc in human.
In rats, it has been shown that if phytate/Zn ratio in
the diet is less than 12, phytate will have no effect
on zinc bioavailability(16). While in humans the
ratio of 15 has been shown to associate with reduced
zinc bioavailability(17.18) whereas others have
used the critical ratio of 20(11,18-20),

Table 3. Phytate/Zn molar ratio and phytate x Ca/
Zn millimolar ratio of Ubon Ratchathani

and Bangkok subjects (Mean+SD and |

min.-makx.)
Area Phytate/Zn Phytate x Ca/Zn
Ubon Ratchathani
Male 75+59 63.7 £52.4
(1.6 - 17.5) (10.2- 154.4)
n=9 n=9
Female 39+36 929+372
(6.1 -15.5) (53.2-148.1)
n=7 n=7
Total 8.5 +16.7 76.5+474
(1.6 -17.5) (10.2- 154.4)
n=16 n=16
Bangkok
Male 162+ 10.72 173.0 £ 138.02
(3.8-32.6) (24.5-434.6)
n:]O n:lO
Female 17.5 +7.8b 1220+ 61.9
(4.6 - 27.8) (33.6- 182.9)
n=7 n=8
Total 16.7 +9.4¢ 152.0 + 113.3¢
(3.8-32.6) (24.5 - 434.6)
n=17 n=17

a significant difference between province in male (P<0.05)
b significant difference between province in female (P<0.05)
¢ significant difference between province in both sex (p<0.05)

r
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DISCUSSION

It has been indicated from some studies
that requirements of some minerals such as calcium
may have ethnic differences(22.23), There was
wide variation in daily intakes of calcium from 441
mg/day to 734 mg/day. In Thailand, the intake of
calcium was found to be 456 mg/day(24). It is com-
parable to this study, 452 mg/day for Ubon Ratcha-
thani and 337 mg/day for Bangkok. However, there
are extensive studies on calcium status and bone
mass in the Thai population. Zinc intake in healthy
adults was reported to be 6.3 mg/day and 5.5 mg/day
for men and women in Bangkok(25) which is also

male female

total
a)

Ubon
88 Bkk

male

female total

b)

Fig. 1. a) Phytate/Zn molar ratio and b) phytate x
Ca/Zn millimolar ratio of Ubon Ratchathani

(Ubon) and Bangkok (Bkk) subjects.
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comparable to this study, 7.7 mg/day and 6.1 mg/day
for males and females in Bangkok, respectively.

For phytate, the daily intake in this study,
was found to be low compared to some previous
studies(26). It was reported that phytate was mostly
rich in some oilseed, such as sesame seed, soy-
bean(12).

Though subjects in Ubon Ratchathani con-
sumed more rice and/or sticky rice than those in
Bangkok, the phytate/zinc molar ratio of Bangkok
subjects was significantly higher than those in Ubon
Ratchathani. This can be speculated from the detail
of food items eaten, that subjects in Bangkok eat
more varieties of foods. Some of them are made of
materials that are high in phytate. These are snack
food and desserts made from mung bean, peanut
and some of the subjects ate soybean curd which is
also expected to contain phytate in a higher level.
While most of the subjects in Ubon Ratchathani ate
only main meals. These meals were composed of
meat, fish, eggs, fruit and vegetables. The staple
foods, rice and sticky rice, are quite low in phytate.
Therefore, it does not contribute much to the total
daily intake, even although it was consumed more
by the Ubon Ratchathani group. This slightly high in
phytate intake together with a significantly lower
zinc intake make the higher ratio in Bangkok group.
However, only males in Bangkok had a ratio more
than 15 (16.2), but still not more than 20. Recently,
we reported the mean phytate/zinc molar ratios of
school children of 4.5 and 2.8(13) which is similar
to Ontario preschool children of 4.1(20). Cossak and
Prasad suggested that millimolar ratios of phytate x
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Ca/Zn equal to or greater than 200 might induce
marginal zinc deficiency(9). In this study, the group
that had a ratio close to 200 was males in Bangkok
with a mean ratio of 173 (Table 3). They may be at
risk of zinc unavailability from food intake. The
phytate /Zn ratio was also in the high trend in this
same group. Anyhow, this high trend still was not up
to the critical ratio. The phytate x Ca/Zn millimolar
ratio of same group was also in high trend but was
not as high when compared to those of American
vegetarians (women with 91-434 and men with 45-
548). Asian Indian vegetarians were 127-315 for
women and 123-405 for men, while female Nepa-
lese vegetarians were 54-533(20),

SUMMARY

Subjects in Ubon Ratchathani consumed
more rice and/or sticky rice than those in Bangkok
but the phytate intakes were slightly lower, while
zinc intakes were significantly higher. It may be
speculated that subjects in Bangkok ate more snacks
and desserts made of legumes and seeds (such as
soybean, sesame seeds) which are in the high phy-
tate groups of food. This could be the result of
higher phytate/zinc and phytate x calcium/zinc
ratios of subjects in Bangkok than those in Ubon
Ratchathani. However, the ratios were still below
the critical points reported to effect zinc bioavai-
lability.
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